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Ⅰ．Introduction
 The visual capabilities of normal humans decline 
with age even without any pathological problems, and 
this decline is related to changes in the morphology 
and physiology of the visual pathways［1-3］. Aging is 
associated with neuronal dysfunction and a decrease 
of neuronal and synaptic volume in the brain, and the 
reduction of neuronal volume is accompanied by an 
  〔Chiba Medical J.　88E：19 ～ 25， 2012〕 
  〔 Original Paper 〕
Age and gender differences in metabolites of 
normal human occipital cortex measured by proton 
magnetic resonance spectroscopy （1H-MRS）
Satomi Ito-Shimizu1,2), Masato Maeno3)
Kenji Yanashima4) and Shuichi Yamamoto2)
1) Department of Ophthalmology, National Center for Child Health and Development, Tokyo 157-8535.
2) Department of Ophthalmology and Visual Science, Chiba University Graduate School of Medicine, Chiba 260-8670.
3) Department of Radiology, National Rehabilitation Center for the Disabled, Saitama 359-8555.
4) Yanashima Eye Clinic, Tokyo 144-0051.
（Received October 28, 2011, Accepted December 22, 2011）
　 　
Abbreviations: proton magnetic resonance spectroscopy 
（1H-MRS）, N-acetylaspartate （NAA）, creatine （Cr）, choline 
（Cho）, volume of interest （VOI）, visually evoked potentials 
（VEPs）, cerebrospinal fluid （CSF）, intracranial volume （ICV）
　 　
Address correspondence to Dr. Satomi Ito-Smizu. 
Department of Ophthalmology, National Center for Child Health 
and Development, 2-10-1 Okura, Setagaya-ku, Tokyo 157-8535, 
Japan. 
Phone: +81-3-3416-0181. Fax: +81-3-3416-2222. 
E-mail: simisato@sa2.so-net.ne.jp
SUMMARY
To determine the concentrations of N-acetylaspartate （NAA）, creatine （Cr）, and choline （Cho） 
metabolites in the occipital cortex of normal subjects by proton magnetic resonance spectroscopy 
（1H-MRS）, and to investigate the effect of aging and gender on the concentrations.
Sixty-nine normal subjects （mean age, 44.0 ± 18.1 years; range, 20 to 83 years） were studied. 
Thirty-seven men and 32 women were examined by 1H-MRS with a whole-body 1.5-T magnetic 
resonance system. The relative metabolic concentrations of NAA, Cr, and Cho were determined.
The significant lower concentration of NAA within the population of men and women in the 
≥ 60-years-old group compare with the 20-39-years-old group （P＜0.001） and the 40-59-years-old 
group （P＝0.001） was found. Women had significantly higher concentrations for all three metabolites 
（NAA, 57.01 ± 6.48; Cr, 33.77 ± 4.45; and Cho, 16.33 ± 3.24） than men （NAA, 47.44 ± 6.19, P＜
0.001; Cr, 27.55 ± 5.24, P＜0.001; and Cho 12.99 ± 3.38, P＜0.001）. No significant effects of age and 
gender were seen for any metabolite ratios.
Our results show the spectroscopic detectable NAA, Cr, and Cho metabolites in the visual cortex 
and the effects of age and gender in this method.
　Key words:  proton magnetic resonance spectroscopy, aging, visual occipital brain, 1H-MRS, metabo-
lite concentrations
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increase in the number of glial cells［4］. The decrease in 
synaptic proteins observed is associated with the plasticity 
of axons and dendrites that contribute to cognitive 
dysfunctions［4］. However, the strength of the correlation 
of the visual pathway changes with normal aging has still 
not been determined.
 Recent improvements in magnetic resonance （MR） 
imaging techniques have made it possible to obtain MR 
images of the functional organization and metabolic 
activity of the brain. These techniques include functional 
magnetic imaging （fMRI） and magnetic resonance 
spectroscopy （MRS）. The MRS technique measures the 
activity of metabolites quantitatively in different areas of 
the brain［5-10］. As such, the MRS technique can detect 
metabolic abnormalities which in some cases may be 
present without any structural abnormalities in the MR 
images. The MRS technique is a good method to detect 
not only wide-spread metabolic disorders but also focal 
tissue-specific diseases such as tumors and inflammatory 
or ischemic disorders［10］. It can be used for diagnostic 
and monitoring purposes in different systematic and 
psychiatric diseases［5-13］.
 Proton magnetic resonance spectroscopy （1H-MRS） 
is especially suitable for evaluating focal damage in 
the visual pathway. Automation of data acquisition 
has allowed this to be easily done in the clinic using 
conventional MRI scanners［10］. The standard 1H-MRS 
method can measure several major brain metabolites, e.g., 
N-acetylaspartate （NAA）, creatine （Cr）, and choline 
（Cho）［5-11］. Immunohistochemical studies have shown 
that NAA is exclusively expressed in neurons and is a 
marker of neuronal integrity［7-10］. A reduction in the 
relative concentration of NAA corresponds to neuronal 
damage or loss［5-9,11］.
 Cr acts as a marker of the reservoir of energy and is 
therefore a marker of cellular metabolism. The level of 
Cr is used as an internal reference because it is relatively 
resistant to brain changes［5-9,11］. Cho is present in 
the plasma membrane and is a marker of cell turnover. 
A reduction in the concentration of Cho is linked to 
reduced cell division and pathological conditions, such as 
demyelination and malignancies［5-9,11］.
 Earlier 1H-MRS studies reported a significant 
decrease in the concentrations of metabolites due to the 
normal aging process but in only certain brain areas［14-
18］. With improvements in the signal-to-noise ratio 
by the use of single-voxel point resolved spectroscopy 
sequence （PRESS） and long TE, it is now possible to 
measure metabolites in different brain areas［14,19］. 
These 1H-MRS method can measure the concentration 
of NAA, Cr, and Cho, in the occipital cortex （The 
striate visual cortex （Brodmann area 17） and some 
extra striate cortical areas, e.g., Brodmann area 18）, 
where is activated by light stimuli of different shape, 
color, and intensity［11］. The purpose of this study 
was to investigate the metabolite concentrations of 
NAA, Cr and Cho in the visual cortical areas of normal 
subjects measured by 1H-MRS, and how the relative 
concentrations are affected by aging and gender.
Ⅱ．Subjects and Methods
Subjects
 Sixty-nine normal subjects （mean age 44.0 ± 
18.1 years; range 20 to 83 years） were recruited from 
the Department of Ophthalmology of the National 
Rehabilitation Center for the Disabled. The best-
corrective visual acuity was ≥ 1.0 decimal units in all 
eyes and none of the eyes has any ophthalmic diseases. 
None of the subjects had any systemic diseases. There 
were 37 men （mean age ± SD, 43.1 ± 18.6 years; 
range, 22 to 83 years） and 32 women （mean age, 
44.2 ± 17.8 years; range, 20 to 80 years）. 
 The subjects were divided into three age groups: 
the 20- to 39-years-old group included 20 men and 14 
women; the 40- to 59-years-old group included 10 men 
and 11 women; and the ≥ 60-years-old group included 7 
men and 7 women. 
 The procedures used conformed to the tenets of the 
Declaration of Helsinki, and an informed consent was 
obtained from all subjects after the nature and possible 
consequences of the study were explained. This study 
protocol was approved by the IRB of the National 
Rehabilitation Center for the Disabled.
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Methods
 1H-MRS data acquisition
 Magnetic resonance （MR） images were acquired 
with a 1.5-Tesla （T） magnetic resonance system 
（MAGNETOM, Vision Plus, SIEMENS, Germany） 
using a head coil suited for magnetic resonance imaging 
（MRI） and 1H-MRS. The spectroscopic volume of 
interest （VOI） was localized in the midsagittal area of the 
visual cortex and included both hemispheres （figure 1） 
based on T1 weighted sagittal, axial and coronal images 
（scanning parameters were: TE＝135 millisecond （ms）, 
TR＝1.5 s, and 100 signal averages） with use of the 
spin-echo sequence. The size of the VOI was 20×20×
20 mm, and the total scan time was 150 sec / voxel and 
the 1H-MRS spectra were acquired with PRESS, and 
chemical shift selective saturation pulse with a Gaussian 
function with a half-width of 5 or 8 Hz. The integral 
of each peak was determined by curve-fitting software 
provided manufacturer. The metabolite peaks on the 1H-
MR spectrum NAA resonated at 2.01 parts per million 
（p.p.m）, Cr resonated at 3.03 p.p.m, and Cho resonated 
at 3.20 p.p.m （Figure 1）. Individual signal intensity was 
used to calculate metabolite ratios （NAA / Cho, NAA / 
Cr, and Cho / Cr）. The MR images, typical spectrum, 
and VOI position in a 22-year-old normal man are shown 
in Figure 1.
 Statistical analyses
 A one-way analysis of variance （ANOVA） was 
used to determine any significant differences in the 
concentration of the three metabolites in men and 
women, and among the 20-to-39-years-old group, 
the 40-to59-years-old group, and the ≥ 60-years-old 
group, and following by a post hoc test （Bonferroni’s 
correction）. All statistical analyses were performed with 
the SPSS 11.0 software package （SPSS Inc., Chicago, 
Illinois, USA）. A P＜0.05 was considered statistically 
significant.
Ⅲ．Results
Results
 Changes of metabolite concentrations with aging
 The reductions in the relative concentrations of NAA, 
Cr, and Cho with increasing age are shown in Table 1. 
The mean metabolite concentrations of NAA （A）, Cr （B） 
and Cho （C） in the VOI for the three groups separated 
by gender were shown in Figure 2. No significant age-
related reduction in the concentrations of Cr and Cho was 
found, but in the case of NAA, there were significant 
lower concentration within the population of men and 
women in the ≥ 60-years-old group compare with the 
20-39-years-old group （P＜0.001） and the 40-59-years-
old group （P＝0.001）. No significant effects of age 
were seen for any metabolite ratios （Table 2）.
 Gender differences
 The means and standard deviations of the three 
metabolite concentrations for each age-group and gender 
are shown in Table 1. The concentrations of NAA （P＜
0.001）, Cr （P＜0.001）, and Cho （P＜0.001） were 
significantly higher in women than in men for all age 
groups. Significant differences in the concentration of 
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Fig. 1 Position of the volume of interest and example 
of a magnetic resonance sprectrum （MRS） of 
a 22-year-old normal man. MR images guided 
localization of the spectroscopic volume of interest 
in the occipital lobe are shown in transversal, 
coronal, and sagittal slices. The results of MRS 
are indicated as a spectrum of resonance （peaks） 
distributed along the X-axis labeled in parts per 
million （ppm）. The amplitude of the resonance 
is measured on the y-axis using signal intensity in 
an arbitrary scale. The resonances of interest were 
N-acetylaspartate （NAA）, creatine （Cr）, and 
choline （Cho）.
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NAA between men and women was similarly found in 
all age groups （20-to-39-years-old group, P＜0.001; 
40-to-59-years-old group, P＝0.001; and ≥ 60-years-old 
group, P＝0.02）. A significantly higher concentration 
of Cr was also found in women than in men in all three 
age groups （P＜0.01）. No significant differences in the 
concentration of Cho were found between women and 
men in 20-to-39-years-old group and 40-to-59-years-
old group, but there was a significant difference in ≥ 60- 
years-old group （P＜0.01）. No significant effects of age 
and gender were seen for any metabolite ratios （Table 2）.
Ⅳ．Discussion
 Our major findings were that the relative 
concentration of NAA in the visual cortex decreased 
in ≥ 60-years-old group, and significantly higher 
concentrations of NAA, Cr, and Cho metabolites were 
found in women than in men for all ages. 
 Our findings show that a significant reduction of the 
concentration of NAA in ≥ 60-years-old group; however, 
no statistic reduction in the concentration of Cr and Cho 
were found （Figure 2）. Cr is fairly stable and commonly 
used as internal standard［5-9,11］. Cho is partially 
MR visible because its visible form is released under 
Table 2　 The means and standard deviations of the 
metabolite ratios
age 
group
gender
Metabolite ratio
NAA / Cho NAA / Cr Cho / Cr
20-39
men 3.68 ± 0.80 1.64 ± 0.22 0.46 ± 0.10
women 4.11 ± 0.88 1.79 ± 0.22 0.45 ± 0.07
all 4.01 ± 0.69 1.76 ± 0.23 0.46 ± 0.09
40-59
men 3.99 ± 1.10 1.73 ± 0.32 0.45 ± 0.09
women 3.25 ± 0.98 1.58 ± 0.46 0.47 ± 0.16
all 3.63 ± 0.97 1.68 ± 0.35 0.47 ± 0.12
≥ 60
men 3.69 ± 0.72 1.88 ± 0.39 0.51 ± 0.88
women 2.98 ± 1.12 1.47 ± 0.39 0.49 ± 0.15
all 3.47 ± 1.00 1.67 ± 0.38 0.49 ± 0.12
　Numbers represent mean ± standard deviation （SD）.
Table 1　Signal intensity of metabolites
Men Women
N-acetylaspartate （NAA）
　　All 47.44 ± 6.19 57.01 ± 6.48
　　20-39 38.60 ± 5.14 60.47 ± 3.51
　　40-59 49.01 ± 4.75 58.92 ± 5.81
　　≥ 60 41.86 ± 8.22 48.53 ± 4.68
Creatine （Cr）
　　All 27.55 ± 5.24 33.77 ± 4.45
　　20-39 28.30 ± 3.56 34.22 ± 3.83
　　40-59 28.94 ± 4.61 34.23 ± 4.28
　　≥ 60 23.40 ± 8.21 32.61 ± 6.23
Choline （Cho）
　　All 12.99 ± 3.38 16.33 ± 3.24
　　20-39 13.08 ± 3.15 15.33 ± 3.29
　　40-59 13.63 ± 3.91 17.14 ± 3.12
　　≥ 60 11.80 ± 3.42 17.19 ± 3.37
　Numbers represent mean ± standard deviation （SD）.
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Fig. 2 The mean metabolite concentration in the visual 
brain area
 The concentrations of NAA （A）, Cr （B）, Cho（C） 
between men （white） and women （black dots） 
in the visual brain area with relation to age was 
shown. 
 Note – significant correlation coefficients: **P＝
0.001, ***P＜0.001
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gender-specific differences in the concentrations of some 
of the neurotransmitters in different parts of the brain as 
well as significant differences in neuronal numbers, brain 
structure, and function［21,22］. These gender differences 
support our findings that the concentrations of NAA, Cr 
and Cho metabolites in the visual cortex are significantly 
higher in women than in men for all ages.
 Our findings show that no significant effects of age 
and gender were seen for any metabolite ratios. Earlier 
clinical applications of 1H-MRS mainly focused on 
the ratios of various metabolites which were used to 
set limits between normal and pathological processes. 
In case of malignancy, a linear relationship between 
Cho and NAA and ratio of Cho / NAA is increased
［10］. The NAA / Cr ratio enable differentiation of 
Alzheimer’s disease from other dementia with a relatively 
high specifity and sensitivity［16］. The variability in 
Cho / Cr could be biological in natural［14］. In this 
study, different results between the relative metabolite 
concentrations and the metabolite ratios due to normal 
variation of metabolites which occurs by aging or gender, 
must be more susceptible to fractional change than 
pathological changes. In addition, the ratio of metabolites 
can be misleading, because the concentrations of both 
metabolites can change. 
 There are some limitations in our 1H-MRS study. 
First, single-voxel MRS measurements display the 
metabolite distribution, but its performance is limited 
by the sensitivity of the technique. The sensitivity of 
this technique can be increased by using a stronger 
magnetic field［10］. Otherwise, compared with PRESS, 
stimulated echo acquisition mode （STEAM） is benefit 
of its shorter echo times can be used to detect small 
metabolites with shorter T2 time. PRESS technique was 
used in this study, because it took advantage of improved 
signal intensity-to-noise ratio and simpler spectrum with 
less peak interference from lipid signals and metabolite 
with short T2 value, which helped in the interpretation 
of the spectrum. Longer echo times, such as 270 ms can 
be used, but they can get in signal intensity loss due to 
T2 signal decay［4］. Kreis et al obtained five different 
echo times （30, 60, 90, 135, 270 ms）spectra with 
constant recovery time, the myo-inositol （together with 
pathological conditions, such as acute myelin break down 
and increased cellular density［5-9,11］. Therefore, it can 
be argued that the decrease in the relative concentration 
of NAA was due to a decrease in the number of cells 
in the visual cortex, but this did not explain the lack 
of significant changes in Cr and Cho with age. Our 
NAA findings support earlier anatomical, histological, 
and radiological studies that demonstrated a significant 
correlation between age and neuronal dysfunction, and a 
link between aging and neuronal or synaptic brain volume 
decreases［4］. 
 It has been reported that there is a significant age-
related decrease in the NAA concentration in the 
semioval and temporal area of the brain［4］. In addition, 
a significant difference in the degree of decrease of the 
absolute levels of NAA in the occipital cortex between 
younger and older age groups has been shown, while 
other metabolites did not show any significant age-related 
changes［15］. Comparing these findings to our results, 
a significant decrease in the NAA concentration in the 
occipital cortex with increasing age as opposed to no 
change in the other metabolites were found as previously 
reported.
 The comparison of genders showed significantly 
higher concentrations of NAA, Cr and Cho in women 
than in men （Table 1）. Previous 1H-MRS studies that 
investigated metabolite differences in different brain 
regions with relation to the gender in normal subjects 
obtained different findings［14,20］. A set of normal 
values in various brain regions was provided, but no 
gender difference in metabolic ratios was found［14］. 
Gender differences in the CSF, intracranial volume 
（ICV）, and metabolite concentrations of NAA, Cr and 
Cho in the parieto-occipital region were investigated by 
single-voxel 1H-MRS［20］. The mean brain volume, CSF, 
and ICV were significantly higher in men than women, 
but the NAA / Cr ratio was not significant different in 
men and women［20］. There are morphological and 
biochemical differences related to gender which would 
suggest that women have higher axonal density than men
［20］. Earlier studies showed that the brain of men is 
larger than that of women; however, women have more 
neurons［21,22］. In addition, it is known that there are 
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3 ） Jackson  GR,  Owsley  C.  Visua l  dys func t ion , 
neurodegenerative disease, and aging. Neurol Clin 2003; 
21: 709-28.
4 ） Angelie E, Bonmartin A, Boudraa A, Gonnaud PM, Mallet 
JJ, Dominique SM. Regional differences and metabolic 
changes in normal aging of the human brain: proton MR 
spectroscopic imaging study. AJNR Am J Neuroradiol 
2001; 22: 119-27.
5 ） Gujar SK, Maheshwari S, Bjorkman-Burtscher I, 
Sundgren PC. Magnetic resonance spectroscopy. J Neuro-
Ophthalmol 2005; 25: 3: 217-26.
6 ） Caramanos Z, Narayanan S, Arnold DL. 1H-MRS 
quantification of tNA and tCR in patients with multiple 
sclerosis: a meta-analytic review. Brain 2005; 128: 2483-
506.
7 ） Passe TJ, Charles HC, Rajagopalan P, Krishnan 
KR. Nuclear magnetic resonance spectroscopy: 
a review of neuropsychiatric applications.  Prog 
Neuropsychopharmacol Biol Psychiatry 1995; 19: 541-
63.
8 ） Block W, Träber F, Flacke S, Jessen F, Pohl C, Schild H. In-
vivo proton MR-spectroscopy of the human brain: Assesment 
of N-acetylaspartate（NAA） reduction as a marker for 
neurodegeneration. Amino Acids 2002; 23: 317-23.
9 ） Burtscher IM, Holtas SS. Proton MR spectroscopy in 
clinical routine. J Magn Reson Imaging 2001; 13: 560-7.
10） Maudsley AA. Magnetic Resonance Spectroscopic 
Imaging. In: Toga W, Mazziotta JC editor. Brain mapping 
the methods second edition. California: academic press, 
2002: 351-78.
11） Ettl A, Fischer-Klein C, Chemelli A, Daxer A, Felber S. 
Nuclear magnetic resonance spectroscopy. Principles and 
applications in neurophthalmology. Int Ophthalmol 1994; 
18: 171-81.
12） Hashimoto M, Ohtsuka K, Harada K. N-acetylasparate 
concentration in the chiasm measured by in vivo proton 
magnetic resonance spectroscopy. Jpn J Ophthalmol 2004; 
48: 353-7.
13） Ham BJ, Chey J, Yoon SJ, Sung Y, Jeon DU, Kim SJ, et 
al. Decreased N-acetylaspartate levels in anterior cingulate 
and hippocampus in subjects with post-traumatic stress 
disorder: a proton magnetic resonance spectroscopy study. 
Euro J Neurosci 2006; 25: 324-9.
14） Safriel Y, Pol-Rodriguez M, Novotny EJ, Rothman DL, 
Fulbright RK. Reference values for long echo time MR 
spectroscopy in healthy adults. AJNR Am J Neororadiol 
2005; 26: 1439-45.
15） Christiansen P, Toft P, Larsson HBW, Stubgaard M, 
Henriksen O. The concentration of N-acetyl aspirate, 
cretine＋phosphocreatine, and choline in different parts of 
the brain in adulthood and senium. Magn Reson Imaging 
1993; 11: 799-806.
16） Fukuzako H, Hashiguchi T, Sakamoto Y, Okamura H, 
Doi W, Takenouchi K, et al. Metabolite changes with age 
measured by proton magnetic resonance spectroscopy in 
normal subjects. Psychiatry Clin Neurosci 1997; 51: 261-
3.
Cho） peaks dominates at the shortest echo time. The 
metabolite peak areas do not decreased exponentially 
with increasing echo time, it is only at the longest echo 
time that the baseline must be considerable［23］. A 
TE of 135 ms was used in this study, because it can 
detect under the less influence of J-modulation and T2 
relaxation［4,23］. Second, the voxel was located at the 
striate visual cortex （Brodmann area 17） and included 
some extra striate cortical areas, e.g. Brodmann area 18. 
Therefore, the examination was not limited to the visual 
cortex due to technical limitations. Thus, the results do 
not measure the exact visual areas but contains other 
areas. Third, we applied the same size of voxel for all 
subjects, even though women have smaller brains and 
would have a relatively larger VOI value than men. The 
voxel is composed of different amounts of white and gray 
matter and cerebrospinal fluid （CSF） for each subject. 
The concentrations of metabolites of interest are lower 
in CSF or extracellular space［14,17］. It is not possible 
to precisely determine the amount of gray and white 
matter that is contained in each VOI. The difference in 
distribution of metabolite concentrations in gray and 
white matter must be determined by more advanced MR 
techniques with improved spatial resolution. 
 Despite these limitations, our data were acquired 
by a 1.5-T MR system so that this could be a simple 
and valuable procedure that can be used under clinical 
conditions. Consequently, our results show the 
spectroscopic detectable NAA, Cr, and Cho metabolites 
in the visual cortex and the effects of age and gender in 
this method.
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